). This allows weaning and recruitment peaks to occur during the rainy periods when resources are most abundant (RADEMAKER & CERQUEIRA 2006) . However, some small mammal populations may have a strong densitydependent regulation and a delayed response to environmental variations, such as the echimyid rodents which posses longer life spans, longer gestation periods and fewer offspring when compared to sigmodontines (ROBERTS et al. 1988 , BERGALLO 1995 , TEIXEIRA et al. 2005 , OAKS et al. 2008 .
Population studies of small rodents and marsupials in the Pantanal biome have been few and far between as well as for short periods of time (SCHALLER 1983 , LACHER & ALHO 1989 , HERRERA et al. 2007 , ARAGONA & MARINHO-FILHO 2009 , none having been conducted in the southeast region (Nhecolândia). Reproduction of most species begins at the end of the dry season and is intensified during the wet season in the northern Pantanal (ARAGONA & MARINHO-FILHO 2009) . However, this region displays several features strongly associated to Cerrado physiognomies, featuring drier areas in comparison to the southeast Pantanal (ADÁMOLI 1987) .
Herein, we investigate the influence of seasonality on life history strategies of the region's most abundant rodents and marsupials, i.e., Oecomys mamorae (Thomas, 1906) (Rodentia: Sigmodontinae), Thrichomys pachyurus (Wagner, 1845) (Rodentia: Echimyidae) and Gracilinanus agilis (Burmeister, 1854) (Didelphimorphia: Didelphidae), in a two-year population study in southeast Pantanal (Nhecolândia Region). We then characterize the population dynamics, reproduction patterns and life history strategy of each species, considering their evolutionary consequences.
MATERIAL AND METHODS
The study was carried out in Rio Negro farm (19°48'-19°57'S and 56°19'-56°26'W) , situated in the southeast of the Nhecolândia region of the Brazilian Pantanal, state of Mato Grosso do Sul . The area is a 7700 ha private reserve of native vegetation consisting of patches including seasonal semi-deciduous and deciduous forest as well as savanna, interspersed with innumerable, small fresh, brackish and even saltwater lakes and ponds , NUNES DA CUNHA et al. 2006 .
Trapping was conducted in the "Cordilheiras", which are sinuous remains of paleo-levees several kilometers in length about 100 m wide, reaching 1-2 m above the surrounding bodies of water and seasonally inundated plains. These elevations are not subject to flooding and are covered by dense, semi-deciduous forest vegetation. Trees are predominantly species from the Cerrado (Brazilian savanna), with a 6 m high canopy and a few emergent trees reaching 30 m height (NUNES DA CUNHA et al. 2006 , RODELA & QUEIROZ-NETO 2007 . The climate is sub-humid tropical, characterized by dry winters and rainy summers (NIMER 1989) . The monthly average temperature and rainfall on the Rio Negro farm varied during the two year study period from 21.2 to 32.3°C and 0 to 389 mm, respectively (Fig. 1) . A previous removal capture for species identification had been previously carried out in this locality. Collected animals were deposited as voucher specimens in the Museu Nacional, Rio de Janeiro, Brazil and some were kept in the temporary collection of the Laboratório de Biologia e Parasitologia de Mamíferos Silvestres Reservatórios, Fiocruz. All species were identified based on morphology and/or karyotype. Capture-markrecapture sessions were undertaken for seven consecutive nights on four plots during 2003 and 2004. In plots 1 and 2, trapping sessions occurred every three months. In plots 3 and 4, traps were placed every three months in 2003 and every six months in 2004. Each plot consisted of four line transects, three inside the forest and one on the forest edge. In each plot, transects were randomly marked, respecting a distance of 200 m apart from each other. The distance between plots was 2 km. Each transect had 10 trapping stations 20 m apart. Two traps were placed at each station next to each other, one Tomahawk® (model 201, 40.6 x 12.7 x 12.7 cm) and one Sherman ® (model XLK 7.6 x 9.5 x 30.5 cm). In the forest transects, one additional trap was placed in a tree at each station, a Tomahawk ® trap for odd-numbered stations and a Sherman ® trap for even-numbered stations. Traps were baited with a mixture of banana, peanut butter, oatmeal and bacon and checked daily every morning.
Each captured animal was marked with two individual ear tags, and species data were recorded, i.e. sex, breeding condition, body mass, body length, dental development (marsupials only), general remarks and trap characteristics (model, station, location). All animals were later released at the capture stations.
Capture procedures of animals were in accordance with the American Guidelines for the Capture, Handling and Care of Mammals (SIKES et al. 2011 Population parameters (size, survival, recruitment rates) were estimated using data from plots 1 and 2 only, because plots 3 and 4 were not sampled in May and November 2004. For reproduction and age structure analyses, we used data from all plots.
Sex ratio biases from the expected 1:1 were tested for each species with chi-square tests (ZAR 1999) . The preference for trap type and location (Sherman or Tomahawk, and ground or tree) were tested using the contingency chi-square tests (ZAR 1999) for each species.
Pollock's robust design (POLLOCK 1982 ) was adopted to estimate population parameters. Population sizes were estimated with the Nh "jackknife" estimator (BURNHAM & OVERTON 1979) . Survival and recruitment rates of O. mamorae were estimated for the periods between consecutive sessions by the Jolly-Seber method (BEGON 1979 , SEBER 1986 , correcting for different periods of time (FERNANDEZ 1995) . However, the data for T. pachyurus and G. agilis were insufficient for these estimators. The survival rate for these species was estimated as the proportion of the MNKA (minimum number of individuals known to be alive) at time "t i+1 " relative to the MNKA at the previous time "t i ". The recruitment rate was estimated as the proportion of individuals that were not caught before time "t i+1 " relative to the MNKA at time "t i ".
Female rodents were considered breeding if pregnant, lactating, or presenting opened vaginas or copulatory plugs. Female marsupials were considered breeding when presenting one or more of the three following conditions: (I) pouched young, (II) swollen nipples or (III) evidence of lactation.
Seasonal variations in age structure were analyzed for each species by dividing them into three age classes. Marsupials were classified as young, subadult or adult depending upon their dental condition. Specimens with complete upper and lower dentition were considered adults, those with the third permanent premolar present but missing the last upper and/or lower molar as subadults and those with the deciduous premolar as young.
For O. mamorae, animals were separated into three age classes by sex depending upon their body mass and sexual maturity (Tab. I). Thrichomys pachyurus were divided into three age classes based on their weight growth curve (TEIXEIRA et al. 2005, Tab. I) .
RESULTS
During the study, a trapping effort of 21,560 trap-nights resulted in 1,171 captures of 615 individuals (success = 5.43%). Capture success did not differ between seasons ( 2 = 0.129, p > 0.5). The most abundant species was O. mamorae followed by G. agilis and T. pachyurus (Tab. II). Seventy nine percent of the O. marmore, 87% of the G. agilis and 91% of the T.pachiurus were captured in only one trapping season.
The number of captures of O. mamorae was independent of trap type ( 2 = 0.391, p > 0.05, Tab. II), but the frequency was greater in trees ( 2 = 140.06, p < 0.001). T. pachyurus was captured predominantly in Tomahawk traps ( 2 = 67.17, p < 0.001) on the ground ( 2 = 16.75, p < 0.001, Tab. II). G. agilis was captured only in Sherman traps significantly more often in trees ( 2 = 13.42, p < 0.001). Oecomys mamorae had higher population sizes during the second year of the study, with smaller population sizes in De- (Fig. 2) . Recruitment decreased in the dry periods, whereas survival increased at the beginning of the wet season and decreased at the end of the wet season when recruitment started to rise. Females in reproductive condition were captured all year round, although in higher proportions during the wet season, from December 2003 to November 2004 (Fig. 3) . Reproduction as well as recruitment of young (Fig. 4) (Fig. 4) .
The survival rate of T. pachyurus was low for the entire study (estimated values 0-26%, Fig. 5 ). Therefore, low population size was maintained mainly by recruitment, which was high throughout the study (Fig. 5) . Given that recruitment was measured as the proportion of new individuals captured and trapping took place every three months, the addition of new members through reproduction could not be distinguished from those by immigration. Reproducing females appeared throughout the year, with higher proportions in the dry season (Fig. 6) . Young animals were predominantly captured during the rainy season, and none were captured in the mid-dry season -August (Fig. 7) . (Fig. 8) . This increase was attributable to high recruitment in May 2003, as a result of breeding activity during the wet season (December-February, Fig. 9 ). The peak was followed by a decrease due to lower recruitment which was not repeated in 2004, when the population remained low all year (Fig. 8) . Lower survival rates occurred after the reproductive period, when recruitment increased. Only G. agilis adults were captured during the study, except for one subadult in November 2004. There were no recaptures between reproductive seasons. and 2 = 0.71 respectively, both 0.5 > p > 0.1) and T. macrurus was predominantly captured in Sherman traps ( 2 = 60.67, p < 0.001), regardless of position ( 2 = 0.51, p > 0.5).
DISCUSSION
Studies conducted in markedly seasonal habitats such as the Venezuelan Llanos (AUGUST 1983 , 1984 , VIVAS & CALERO 1985 , VIVAS 1986 , SORIANO & CLULOW 1988 , O'CONNELL 1989 , the Cerrado gallery forests (MARES & ERNEST 1995 , VIEIRA 1997 and the Poconé Pantanal (ARAGONA & MARINHO-FILHO 2009) have confirmed that small mammal populations are influenced by seasonal dynamics. In this study, the three most abundant species had population dynamics influenced by the seasonality of the Pantanal, each in different ways.
The population dynamics of O. mamorae reflected an opportunistic pattern, which is common in other sigmodontine rodents in the Neotropics (FONSECA & KIERULFF 1989 , GENTILE et al. 2000 , CERQUEIRA 2005 . Population size varied throughout the year, decreasing in the dry season and increasing in the wet season due to increased recruitment and survival rates. Other Oecomys spp., such as O. concolor and O. bicolor, also demonstrated opportunistic reproduction in Cerrado gallery forests (MARES & ERNEST 1995) . However, reproduction was restricted to the rainy season. Greater abundance during the rainy season of Sigmodon hispidus (Say and Ord, 1825), another sigmodontine, in the Venezuelan Llanos was attributed to high primary productivity during this period (VIVAS & CALERO 1985 . It was also argued that strong seasonality, which in turn was dictated by rainfall, could promote an annual cycle due to food and habitat availability. Although we have no simultaneous quantitative assessment of resource availability in the study area, in the Brazilian Pantanal there are many trees with ripening fruits during the rainy season (POTT & POTT 1994) . Given that Oecomys spp. is essentially frugivorous-granivorous (EISENBERG & REDFORD 1999 , MARINHO-FILHO et al. 2002 , VIEIRA et al. 2003 , the greater abundance of O. mamorae in the rainy season could be related to resource availability, resulting in higher recruitment rates. High survival rates during the dry season may be due to perennial fruit-bearing trees, such as the "acuri", (Attalea phalerata Mart. ex Spreng.) and "bocaiúva', Acrocomia aculeata (Jacq.) Lodd. ex Mart. palms, which produce fruits in periods of scarcity (KEUROGHLIAN et al. 2009 ). Thus, the life history of O. mamorae may follow a pattern in which female reproduction and population size could be determined by resource levels.
Thrichomys pachyurus had a different population pattern. Although it also reproduced throughout the year, its reproduction was predominantly during the dry season, with the population exhibiting a delayed response to resource and environmental variations. Due to a comparatively long gestation (105 days) and generation time (ca. five months) as well as small litter size (2.5 ± 0.9 young; TEIXEIRA et al. Clyomys laticeps (Thomas, 1841) (Rodentia: Echimyidae), Thylamys macrurus (Olfers, 1818) and Monodelphis domestica (Wagner, 1842) (Didelphimorphia: Didelphidae) were rarely captured during this study but were present in most trapping sessions (Tab. II). Monodelphis domestica and C. laticeps were exclusively captured on the ground ( 2 = 9.33 and 2 = 22.67 respectively, both p < 0.001), regardless of trap type ( 2 = 2.51 pachyurus population in the following year due to the reduction of available habitat for this mostly terrestrial species. This, in turn, led to low survival rates in 2003 and an increase in reproductive rates in the second year, following a density-dependent feedback process, in which the reproduction would increase due to reduced population sizes. Population patterns of this species will be clearer with additional long-term studies. The G. agilis population had synchronized seasonal reproduction during the rainy season, similar to other didelphids (AUGUST 1984 , VIVAS & CALERO 1985 , O'CONNELL 1989 , CÁCERES & MONTEIRO-FILHO 1998 , GENTILE et al. 2004 , RADEMAKER & CERQUEIRA 2006 , LEINER et al. 2008 , BONECKER et al. 2009 ). Seasonal didelphid reproduction associated with warm, wet seasons has been correlated with the influence of rainfall on insect abundance (PINHEIRO et al. 2002 , GENTILE et al. 2004 . Thus, proportions of pregnant and lactating females as well as growth rates of juveniles increase in response to higher food abundance during the wet season (MARTINS et al. 2006) . Final phases of lactation and post-weaning are the most critical periods for marsupial reproduction due to larger energetic demands (LEE & COCKBURN 1985) , and they should coincide with periods of greater food availability. In the Brazilian Cerrado, G. agilis (MARES & ERNEST 1995) In spite of the presence of reproductive females of G. agilis during the study, almost no juveniles were captured. One possible explanation is trap bias favoring adult trappings. Increased abundance associated with low reproductive activity during the 2003 wet season could indicate immigration, as there was high recruitment. We also must consider that a threemonth time interval between trapping sessions may be very long for this species and some reproductive events could have been undetected Moreover, semelparity and short life span have been reported for several small opossums, such as Marmosops incanus (Lund, 1840) (LORINI et al. 1994) , Marmosops paulensis (Tate, 1931) (LEINER et al. 2008) , G. microtarsus (MARTINS et al. 2006) and Monodelphis dimidiata (Wagner, 1847) (PINE et al. 1985) , and this could explain reduction of survival after the reproductive period.
The male-biased sex ratio in G. agilis was probably the result of high numbers of males captured during the 2003 dry season, when population sizes of this species were higher. Males of this species display a more exploratory and vagrant behavior, thus leading to more captures and larger body size when compared with females (MARTINS et al. 2006) . The seasonal flooding around the "Cordilheiras" may have different effects in each mammal population in the Pantanal. During the rainy season, the lower plains that surround the "Cordilheiras" are submerged, resulting in a greater aggregation in the non-flooded forest patches (ANDERSEN et al. 2000) . In the present study, we observed that species which mainly used the upper strata of the "Cordilheiras" and were seldom captured on forest edges, such as O. mamorae and G. agilis (unpub. data), should be less affected by seasonal flooding, because their populations were restricted to the "Cordilheiras" all year long. In the case of T. pachyurus, it is expected that its population should be more affected by seasonal flooding as it is primarily a terrestrial species that also uses the seasonally flooded grasslands surrounding the "Cordilheiras" (HERRERA et al. 2007 ). The increased density of T. pachyurus during the rainy season may increase intraspecific competition, which would be a density-dependent factor regulating the population.
Small mammal richness found in this study (six species) was lower than that of previous studies in the Nhecolândia Pantanal (ALHO et al. 1987 n = 7, ALHO et al. 2000 n = 10, HERRERA et al. 2007 . Thylamys macrurus was not recorded by ALHO et al. (1987 ALHO et al. ( , 2000 , whereas Cavia aperea (Erxleben, 1777), Calomys callosus (Rengger, 1830), Oryzomys concolor (= Oecomys sp. (Thomas, 1906) ), Oryzomys fornesi (= Oligoryzomys fornesi (Massoia, 1973) ), Oryzomys subflavus (Wagner, 1842) and Rhipidomys mastacalis (Lund, 1840) were. These differences may reflect different characteristics of the habitat among the sites. HERRERA et al. (2007) also captured Holochilus brasiliensis (Desmarest, 1819), Oryzomys scotti (Langguth and Bonvicino, 2002) , C. callosus and Philander frenatus (Olfers, 1818) on the Rio Negro farm. Since we sampled only the "Cordilheiras", and small mammals are highly selective in relation to their microhabitats, the species composition we have documented here is related to this habitat. Other studies have sampled not only the "Cordilheiras", but also the Cerrado sensu stricto, gallery forest, lake edges, grasslands and household surroundings. The Nhecolândia region has important habitat differences with respect to seasonality, land use and conservation, with the east being more influenced by large rivers crossing the region (RODELA & QUEIROZ NETO 2007) . This is the first study of small mammal population dynamics in the east side of this region.
The reproductive strategy of a population is crucial for its maintenance, especially in seasonal environments. A higher frequency of reproduction during a certain period of the year in response to some seasonal variation in resource availability may offer an ecological advantage to those animals and, consequently, an evolutionary gain to their populations. Among the studied species, the mouse opossum (Gracilinanus agilis), the arboreal rice rat (O. mamorae) and the spiny rat (T. pachyurus) had their life history traits influenced by the marked seasonality of the Pantanal environment. The strategies of these three species (seasonal, opportunistic, or delayed response) result in the coincidence of weaning with periods of greater resource availability, thus maximizing survival in the Pantanal, where "Cordilheiras" act as forest islands during the rainy season. Further studies evaluating seasonal movements of the individuals and the implications on inter and intraspecific competition would improve the understanding of these questions.
